FP06- 0196- 00 DESCRI PTI ON Cl RCU T CONNECTI ON MATERI AL, CIRCU T MEMBER
CONNECTI NG STRUCTURE AND METHOD OF CONNECTING CIRCU T MEMBER 5 Techni cal
Field [0001] The present invention relates to a circuit- conngepadg19BiRy | al .
a circuit nmenber connection structure and a circuit nmenber connection

met hod for connection of circuit nenbers bearing circuit el ectrodes.
Background Art 10 [0002] Increasing densification of circuits used in the
field of precision electronic devices in recent years, leading to extrenely
narrow el ectrode w dths and el eqyESCRHEPRPOND, i s a cause of nore frequent
flaking, peeling and shifting of wirings. In order to solve this problem

el ectrical a@RESIT r PONNECTION COMWTERIATNR SIRETTW MEMVBER ent 15

| owt enperature fast-curing propert i es and adéquately long usable life have

been devel ope@¥ONNECERIGPETRISETURE CAND i WIETHOW OF CONNESTING No.
98/ 44067 and International Patent Publication No. 01/015505). D sclosure of

t he Inventlommmyﬁ{) MIOEEERI onal circuit-connecting nmenbers, however, do
not 20 always exhibit adequate bonding strength depending on the type of
mat er iql Usefl'ekgnfc@l!‘lélﬂe connecting circuit nenber. In particular,
significant bonding strength reduction has been a problemw th ci reuit

el ect rode- SUpRT) T, Bt iR 12fathoty K AnEoNRLARB AR o POl Vi m de

resins, poly acr Ic resins and glass, or cfrcuit 25 menber

Zg; ;?ngr ‘;glr Eggui‘?fmbﬁﬂ&%f %oﬁﬁé’@tlcﬁ{ s@héhPORAd £2irehit Hebef@Bneéisn NS and
method for connection of circuit members bearing circuit electrodes.
Background Art

10 [0002] Increasing densification of circuits used in the field of precision
electronic devices in recent years, leading to extremely narrow electrode
widths and electrode spacing, is a cause of more frequent flaking,
peeling and shifting of wirings. In order to solve this problem,

~electrical and electronic circuit-connecting materials with excellent

15 low-temperature fast-curing properties and adequately long usable life
have been developed (for example, see International Patent Publication
No. 98/44067 and International Patent Publication No. 01/015505).
Disclosure of the Invention.

[0003] Conventional circuit-connecting members, however, do not

20 always exhibit adequate bonding strength depending on the type of |
material used to form the connecting circuit member. In particular,
significant bonding strength reduction has been a problem with circuit
electrode-supporting boards formed of polyethylene terephthalate,
polyimide resins, polyethersulfone, acrylic resins and glass, or circuit

25 member surfaces formed of layers made of silicone resins, polyimide

resins and acrylic resins.




FP06-0196-00 [0004] It is therefore an object of the present invention to
provide a circuit-connecting material that can yield sufficient bonding
strength for connection of circuit nenbers having boards forpegk.ef96-00

pol yet hyl ene terephthal ate, polyimde resins, polyethersul fone, acrylic
resins or glass, 5 or circuit nmenbers having surfaces forned of |ayers nade
of silicone resins, polyimde resins or acrylic resins. [0005] In order to
achieve this object, the circuit-connecting material of the invention is a

circui t - connegaA4]aTt Rt theketbrd ah g@@&esfitﬁél tpﬁ@ééfﬁ%ﬂvéhticﬁi %&?'rrpvmer havi ng

a board and circuit electrode rmed on e 10 primary s ace of the

board, the nafrgnjtalontieping ﬁd@ﬂiﬁ%ﬁﬂ%?ﬁd sﬁﬂiﬂ?&ﬁiﬂdﬂm%gﬁéngﬂrhri%f under

| i ght or heat and an organi c conpound talning a urethane oup and an

ester. group. chifkonsbR erchftemehibent hnti 86htR0diRIA bﬁbggéeu hyengnvent | on

conprises both an adhesive conposition an organic c containing a
15 uret hane Rthani ; oy g@%i s ot S

obt ai ned for %crggnect | %,?Pbg?ﬁ%ﬁecﬂglé]?lﬂﬁ%?%’gﬁﬂsérﬁg%gﬁ ar dl)sé glfngrdrﬁg%%?

pol yetqiyl ene ot ¢4 ,2Rft hH?i:;;# gﬁﬂtﬁ: i I rylic

resi nsfhor gl ggs, or %@P@Sﬁ% mentrer s ae\r‘/gi ng sgrﬁtﬁg{$§%d§€$ﬁcg§érs made

of silicone 5‘%%]?701 Hb% ﬁsbﬁﬁé&'ﬁc%siﬁg.ryl Ic resins. 20 [0007] The
era

adhesi ve conpositiomr s pre y-one contai ning a radical polynerizing
compound, encimq el 8RR difohidaritCashialing furgrarnee Lo
b eherabl OB AR GH 3% EreISSAEAR ikt coBfERUDfetdch g0 ecry ot
bonding strepghfitihbMbeP Ha9fiY & bdRHdddfs AHalifERRtIUE HoRhelBlR e 2

10 primary surface of the board, the material comprising an adhesive
composition that cures under light or heat and an organic compound
containing a urethane group and an ester group.

[0006] Since the circuit-connecting material of the invention comprises
both an adhesive composition and an organic compound containing a

15 urethane group and an ester group, sufficient adhesive strength is
obtained for connection of circuit members having boards formed of
polyethylene terephthalate, polyimide resins, polyethersulfone, acrylic
resins or glass, or circuit members having surfaces formed of layers
made of silicone resins, polyimide resins or acrylic resins.

20 [0007] The adhesive composition is preferably one containing a radical
polymerizing compound and a radical initiator that generates radicals in
response to heat or light. In this case, the radical polymerizing
compound is more preferably one containing a phosphoric acid ester
compound with an acrylate group or methacrylate group from the

25 standpoint of further improving bonding strength with inorganic

material surfaces such as metals.




FP06- 0196-00 [0008] The glass transition tenperature of the organic
conpound is preferably 50C or higher.. |If the organic conpound has both a
uret hane group and an ester group and the glass transition tcFpEs-8196900 S
50C or higher, the bonding strength will be even greater especially 5 after
hi gh-tenperature and high-humdity testing. If the organic conpound has
either a urethane group or an ester group, and the glass transition
tenperature is 50C or higher, reduction in the bonding strength in

hi gh- t enper a{00@8]aTHe hilgss bankitiony températnaesf m@@ﬁ%mﬁc corapenhéds but the
initial bonding strength may not be sufficient. In 10 contrast, the initial
bondi ng st r epgiferabdy H@°PCreomthagherd sHY thecioepidiy bombousddhaedisthign in the

bondi ng strength in high-tenperature and high-humdity environnents can be .

further prevepithandproup @id aveiter grograndithenphsy fransition Sémpbtgedani ¢
conpound cont ai ning both a urethane group and an ester group. 15 [0009] The

organi ¢ conpgoh@ eohiglicn e bohling yﬁaigtﬁnﬁilgrbwm?ﬂcgreetter e8p&dially oup

preferably contains an aromatic group and/or a cyclic aliphatic group, and

prefersably hafiep h&gh@hﬁnp’wzﬁmﬁa}&md)'lﬁﬁhllﬁfm iyOhésting, S@P0theo o#HEO0. [ 0010]

The circuit-connecting material of the invenfion preferably cont ai ns

conducti ve p@b{:iﬁeﬁma-ha’gréiﬂlewaﬂ reffdre ftoupasr A edtedig?up! A thepglaggen circuit

el ectrodes on e sane board and all ow nore stable  electrical "connection

bet ween ci r ctighsitionb erfiperafi?d 1is F0Cc bf Chichererddaction e thé Bormlingict ur e of

the invention conprises a first circuit menber with a first board and a

1%, Ly Sl bgstenjas i b bty ol Sdtd 1
el ectrode 3prevented, but the initial bonding strength may not be sufficient. In

10 contrast, the initial bonding strength can be maintained sufficiently high
and reduction in the bonding strength in high-temperature and
high-humidity environments can be further prevented By a
circuit-connecting material using the organic compound containing both
a urethane group and an ester group.

15 [0009] The organic compound containing both a urethane group and an
ester group preferably contains an aromatic group and/or a cyclic
aliphatic group, and preferably has a weight-average molecular weight
of 5000 to 100000.

[0010] The circuit-connecting material of the invention preferably

20 contains conductive particles. This will maintain an insulated state
between circuit electrodes on the same board and allow more stable
electrical connection between circuit members, | |
[0011] The circuit member connection structure of the invention
comprises a first circuit member with a first board and a first circuit

25 electrode formed on the primary surface of the first board, and a second

circuit member with a second board and a second circuit electrode



FP06-0196-00 formed on the primary surface of the second board, which are
connected by a circuit-connecting nenber nmade of a cured product of the

af orementioned circuit-connecting material of the invention,:ﬁy@@@¢96Qﬁjmeen
the first and second circuit nenbers, in such a manner that the 5 first
circuit electrode and second circuit el ectrode are opposing each other and
el ectrically connected. [0012] The circuit nenber connection nethod of the
invention is a nethod whereby a first circuit nmenber with a first board and

a first cir ¢oirhe®bAthé gﬁmat@'rsﬂ?ﬁceBfm@s@bha?ddé:é}wmearefcohﬁsct&arSt board,

a layer 10 made , of the aforenentioned circuit connecting nmaterial of the

[nvention ang @ efesibomncetins ARARE Widde BfSF°QREIDBAIGLRNGF GheSecond

circuit electfode formed on the primary surface o e second board, are

heat ed and pc | &g (QE%I | am ¢pat A8 Mfai hat order
with the fi rg{ﬁﬁ?iﬁ?é%‘??@%%%‘?g‘ggm%d_ e?garggugli ??uqht% gﬁ%gglpgﬂg‘oﬁrge%ppo_si ng
each other, banfaiH el filshandistsnd Lircult indRBGA! PATLH & faifiep Mt the [ Cul ¢

menber in such a manner t hat e first circult e and second circuit

el ectrpde ar gy Sﬁ&ﬁiitce?édti/ocﬁggfliﬁgs%tgﬂd [GRhH el‘éc&bﬁl%% m@iﬁ gg&ge‘:t on

structure of the 1 nvention e clrcult nmenpers y a
ci rcuit - connggidrighdBESFL eb 20 invention exhibits high bonding
strength bet vveenr;?]he cﬁ‘lcﬁﬁ n%ﬁn%tg?% and excellent durability under high

t enper at ur e [ Qﬁf&ﬁlﬂ hd o ﬁﬁ.ﬂ% 'dlgt}feo' ol rcult nenber
cogﬁect i chi‘n rrmlo%ll g?et e |%eélrll§§¥ggd,)ﬁﬂvﬁergby cl r(g:ut nme erﬁtslsgrigu%onnect ed
b : o . : . : e : ¢ bt ai
2 o8 oivout t MGR0E eherkBy TR Birofil AbLR VT WOflrst bodrd R0 MR, 10 0D 2T

circuit menbgpanARfedki fofbd Y AR Prirhdry Sififice Hfdhe st board, a layer

10 made ~of the aforementioned circuit-connecting material of the
invention, and a second circuit member with a second board and a
- second circuit electrode formed on the primary surface of the second
board, are heated and pressed as a laminate prepared by laminating them
in that order with the first circuit electrode and second circuit electrode
15 opposing each other, to connect the first circuit member and the second
circuit member in such a manner that the first circuit electrode and

second circuit electrode are electrically connected.
[0013] A circuit member connection structure of the invention having
the circuit members connected by a circuit-connecting material of the
20 invention exhibits high bonding strength between the circuit members
and excellent durability under high temperature and high humidity
conditions. According to the circuit member connection method of the
invention, whereby circuit members are connected by a
circuit-connecting material of the invention, it is‘ possible to obtain a
25 circuit member connection structure with high bonding strength

between circuit members and excellent durability under high




FP06-0196-00 tenperature and high humdity conditions. [0014] In the

af orenenti oned circuit nenber connection structure and circuit nmenber
connection nethod, at |east one of the first and second cir @pge-0l @sifpodes
has a surface made of a material conprising one or 5 nore selected fromthe"
group consisting of gold, silver, tin, platinumgroup netals and indiumtin
oxi de. [0015] Also, in the aforenentioned circuit nenber connection
structure and circuit menber connection nethod, at |east one of the first

and second etatuire andogh dunsdity ebnditiomser i al conprising one or nore 10
selected fromthe group consisting of polyethylene terephthal ate,

pol yet her sul {G0iel] Inptheyafoeshentiomat yirewit eanber comhedtiondgrucstsrensndnd gl ass.
Alternatively, a |ayer conprising one or nore selected fromthe group

consi sting otirstit inember eonmsttiodcetliod, ae $éass onpbipbe Vit dadrsesomé i s
preferably forned between at | east one of the first and second circuit 15

merbers and tireui¢ icleutiddes dzes surfdcenity of Wenatdrid cophpisihp-eneect i ng

material of the invention is cured to forma circuit-connecting nmenber, it

exhi bix s hi gmdrendelrgtest r Rogi hthy t froupy edohsistiogp o dgsld, t Bver, seaci fic
materials. [0016] According to the invention, there s provided a 20

circuit- conngtatihnm_@é‘gjmtalg had ydightlsnosdifléci ent bonding strength for

connection of circul't menbers having boards forned of polyethyl ene

t er epht hal at f00159! Alsel HietheesfoRsmemivredt dieduit hieitfor cddhkttion k@attase or gl ass,

or circuit members with surfaces fornmed of layers made of silicone resins,
pol yi m de reahdeiuitafievbe ¢@Sicttion nethal; catr Raggoh® dfhthe?Birdtnghtion, it

is easy to achieve both bonding strength and other required properties (in
terms of congaehdoodrdsiisaabegrd made o4 Reaterigbesinpeiting2bfle lorl more
10 selected from the group consisting of polyethylene terephthalate,
polyethersulfone, epoxy resins, actylic resins, polyimide resins and
glass. Alternatively, a layer comprising one or more selected from the
group consisting of silicone resins, acrylic resins and polyimide resins is
preferably formed between at least one of the first and second circuit
15 members and the circuit-connecting member. When the
circuit-connecting material of the invention is cured to form a
circuit-connecting member, it exhibits high bonding strength with layers
composed of these specific materials.
[0016] According to the invention, there 1is provided a
20 circuit-connecting material that yields sufficient bonding strength for
connection of circuit members having boards formed of polyethylene
terephthalate, polyimide resins, polyethersulfone, acrylic resins or glass,
or circuit members with surfaces formed of layers made of silicone
resins, polyimide resins or acrylic resins. Also according to the

25 invention, it is easy to achieve both bonding strength and other required

properties (in terms of connection resistance, insulating properties, and




5 FP06-0196-00 the like). Also according to the invention, a relatively

wi de range of selection is available for the material conposition to obtain
the effect described above. Brief Description of the Draw ngpg-0964-0p Fi 0
1 is a cross-sectional view showi ng an enbodi nent of a circuit-connecting
material filmaccording to the invention. Fig. 2 is a cross-sectional view
showi ng an enbodi nent of a circuit nenber connection structure according to
the invention. Fig. 3 is a cross-sectional view show ng an enbodi nent of

anot her 10 theriké) rRixbeiccoadingtbiths iﬁiréﬂ'@@mf@lr@l@ﬁ%@i Widé eardigeeof nventi on.

10018] 1 ... circuit-connecting material film la cifcuit-connecting
member, 5  seledtibicid weaibable ifor ¢he hhterial EdmpbsitionCty bbrmils effedt  first
board, 12---adhesive |ayer, 13 first circuit electrode, 20---second
circuit nmenbggscribéd aboygcond board, 23 second circuit electrode, 101 15
circuit nenber connection structure, 102 ... circuit nmenber connection
structure. BRplefesepiptivn 6Pflie/Dawihgs the I nvention [0019] Preferred
enbodi mrents of the invention will now be explained in detail, with

refer gnce to[g019] Fgopiidiessiscionab vibwrhowalg aRp eRbiodainent dpvever, Tt s

to be understood'that the inventionis in no way |limted to these

enbodi nent s. cjkQfi28bndeting material GeMnRebdiagTBRE iBlenfibnt he 1 nvention

contains an adhesive corposition that curés in response to |ight or heat.

The adhesi VEjgC 9% EioRE-sbéticiATHeabshowliy aAndmbadinterR 6041 GRduieS
pol yneri zi ng conpound and a radical initiator that generates radicals in
response to hathep’conh8tion structure according to the invention.
Fig. 3 is a cross-sectional view showing an embodiment of another
10 circuit member connection structure according to the invention.
[0018] 1 - circuit-connecting material film, la--- circuit-connecting
member, 5- -conductive particle, 10---first circuit member, 11---first
board, 12---adhesive layer, 13--first circuit electrode, 20*-second
circuit member, 21+ second board, 23--second circuit electrode, 101---
15 circuit member connection structure, 102-+“circuit member connection
structure.
Best Modes for Carrying Out the Tnvention
[0019] Preferred embodiments of the invention will now be explained
in detail, with reference to the accompanying drawings where
20 appropriate. However, it is to be understood that the invention is in no
way limited to these embodiments.
[0020] The circnit-connecting material of the invention contains an
adhesive composition that cures in response fo light or heat. The
adhesive composition is preferably one containing a radical

25 polymerizing compound and a radical initiator that generates radicals in

response to heat or light.



6 FP06-0196-00 [0021] A radical polynerizing conpound is one having a
functional group that polynerizes by active radicals, and for exanple,
acrylic acid ester conpounds, nethacrylic acid ester conpoungppgudos-00
mal ei m de conpounds are suitable for use. A radical photopolynerizing 5
conpound may be a pol ynerizabl e nononer or a polynerizable oligoner.
Because pol yneri zabl e oligoners generally have high viscosity, they are
preferably used in conmbination with | ow viscosity polynerizable nononers
such as pol yf[@@ll()F@kaQii@é%él%féri&?@'c@@dpmhﬁi o oﬁenrmﬁg 4 TuREGHalt 0 adj ust
the viscosity. 10 [0022] acrylic acid ester conpounds or nethacrylic acid

ester . conpoyagisy It%ag@rlmnb@s by 9tipe hudipsls? A forbxAAPRY Scfifadld ePOXY

(meta)acryl a s, urethane (neta)acrylate oligoners,” pol yet her

(meta) acryl akgrep! ¢ s, Hﬁbﬁﬁéﬁsﬁfc @eRE %kﬁ?rdézﬁgﬁuﬂﬂé endehfalantidehe ke,

or polymerizable nmononers such as acrylic acid eSters and 15 nethacrylic

aci d esters. chARnd4S afe Whitdbl@c kst agdecr s Ah?écﬁcﬂlﬂy%}gfctﬂﬁg@h&é}%ﬂg

nonof uncti onal “or pol yfunctional acrylate nononers

trimetqyl ol p'bafl}@jgflﬁndt AL THE & DolPRkohb! sReini&O! ord iaagabl@zrfléﬁzable

pol yat hyl enegl di acryl ate, * pentaerythritol acryl at cyanoet hyl
acrylate, cygh I e H o] K :
di cycl opent e?i‘;/]%g%%‘t h;a/? é%dél? %/I g’? @Qn&%%é etaﬁ%(?(@g*%eg%]ﬁ;ﬁqg]gr y}fl%ltle,
2- et hoxyet hyk,; a - Y/ z T
2- hydr oxyet hl)‘// Ilﬁg?:r I gft%g , %ﬁ%#%%(ﬂ}%g%lgﬁ&q%cé y gﬁgﬂoﬁgﬁ%r%ﬁﬁﬁggt e,
| sodecyl acr sl Y yet hyl
noryl ate, 2 phongersRRBThdordiRhs Rl hRcRondl Shybas
neopent yl gl y%ncﬁh@x@iﬁ'oﬁ‘ﬂ&to%djﬁ?ﬁﬁﬁ@%ﬁc&i@@' hexaacryl ate and al |yl
acryl ate.

10 [0022] As acrylic acid ester compounds or methacrylic acid ester

compounds there may be used polymerizable oligomers such as epoxy
(meta)acrylate oligomers, urethane (meta)acrylate oligomers, polyether
(meta)acrylate oligomers, polyester (meta)acrylate oligomers and the
like, or polymerizable monomers such as acrylic acid esters and
15 methacrylic acid eéters. _
[0023] As acrylic acid esters there may be mentioned monofunctional
or polyfunctional acrylate monomers such as trimethylolpropane
 triacrylate, polyethyleneglycol diacrylate, polyalkyleneglycol diacrylate,
pentaerythritol acrylate, 2-cyanoethyl acrylate, cyclohexyl acrylate;
20 dicyclopentenyl  acrylate, dicyclopentenyloxyethyl acrylate,
2-(2-ethoxyethoxy)ethyl acrylate, 2-ethoxyethyl acrylate, 2-ethylhexyl
acrylate, n-hexyl acrylate, 2-hydroxyethyl acrylate, hydroxypropyl
acrylate, isobornyl acrylate, isodecy! acrylate, isooctyl acrylate, n-lauryl
acrylate, 2-methoxyethyl acrylate, 2-phenoxyethyl acrylate,
25 tetrahydrofurfuryl acrylate, neopentylglycol diacrylate, dipentaerythritol
hexaacrylate and allyl acrylate.



7 FP06-0196-00 [0024] As nethacrylic acid esters there may be used the

af orenenti oned acrylic acid esters substituted acrylic group with
metacrylic group. Specifically, there may be nentioned nonof Jo2vsloer
pol yfunctional methacryl ate nononmers such as 5 t-butyl am noethy

met hacryl ate, cycl ohexyl nethacrylate, dicyclopentenyl oxyethyl

nmet hacryl ate, 2-hydroxyethyl nethacrylate, isobornyl nethacrylate, isodecyl
nmet hacryl ate, n-lauryl acrylate, stearyl nethacrylate, tridecyl

met hacryl at egO@ZMCA@W ARG | alchd andiegt ! B}Pere”e M feat ﬁsecf‘g Oﬂggﬁpounds

corresponding to"the aforenentioned 10 acrylic acid esters. ]

Preferred fohfiiemedfioned yh&@ﬁeciaei@%ﬁérﬁoggﬁsg@fgﬂgc%wﬁ& iy WwiRhers in

addition to those nentioned”“above are p est®r “compounds with '

acryl ate gr owﬁ(g?ﬁeet Eﬁg{p{l at e%gﬁmu | tgheﬁ‘oﬁﬁ%r | Be achﬂgﬁg?ﬁa group.

Preferred phosp ICcC a ester conpdunds are, r exanp ose

epresent e, o O Ady il Hohenf BT nbilys kpoRezents
o COPouisLPeREIE b HalE) (M eseyPe maass
gggébgﬁéhﬁ;;ﬁg@%ggﬁ%ﬁ%@?é%ﬂﬁﬁ$gHﬂg@%ﬂ I%?;bgqﬁggc 1 n Lh@ggﬁ%gﬂgﬁﬁgahydride
2 Y SRR ER e o) HERSPRR, SERIY) sy SRR 10 1
methacrylate, tridecyl methacrylate, glycidyl methacrylate and allyl
methacrylate, as compounds corresponding to the aforementioned
10 acrylic acid esters.
[0025] Preferred for use as acrylic acid esters and methacrylic acid
esters in addition to those mentioned above are phosphoric acid ester
compounds with acrylate groups or methacrylate groups with
phosphoric acid ester group.  Preferred phosphoric acid ester
15 compounds are, for example, those represented by general formula (1)
below. In formula (1), n represents an integer of 1 to 3 and R
represents hydrogen or methyl. As specific examples of compounds
represented by formula (1) there may be mentioned
mono(2-methacryloyloxyethyl) acid phosphate and
20 di(2-methacryloyloxyethyl) acid phosphate. The phosphoric acid ester
compound may be synthesized, for example, by reacting phosphoric
anhydride with 2-hydroxyethyl acrylate as will be understood by a
person skilled in the art..
[0026]



OR (HO)-P OCH2CH2 O C-C=CH2 (1) );-n -p [0027] As nal ei mde corrpounds
there are preferred those having two or nore nal ei mde groups. As exanpl es
of mal ei m de conpounds having two or nore nal ei m de groups t]@e@@ 079%.
mentioned 5 1-nethyl -2, 4-bi smal ei m debenzene, N, Nm phenyl enebi Sial &l

N, N- p- phenyl enebi smal ei m de, N, N -mtol uil enebi smal ei m de,

N, N- 4, 4- bi phenyl enebi smal ei m de,

N, N=4, 4- ( 3, 3' - di net hyl - bi phenyl ene) bi smal ei m de,

N, N- 4, 4- (3, 3' -di net hyl,di phenyl met hane) bi smal ei m de, 10

NN- 4, 4- (3, 3" -di et hyhdi phenyl et I‘@nﬁ) bi srkal ei m de,

N, N -4, 4-di phenyl meh!;I anehi smal ei N-4(6-'di phenyl pr opanebi snal ei m de,
N, N -4, 4-di pﬂb‘% viafelziOm @eC™ Qh* di phenyl sul f onebi smal ei m de,
15 2, 2-bi s(4-(4- nalel | dephenoxy) phenyl ) pr opane,

2, 2- b| s(3-s-butyl -4- 8(4 mal ei m dephenoxy)phenyl ) pr opane,

1,1-bis(4-(4

4, 4" -cycl ohelmﬁi’geneqﬁ g@%@%@%ﬁﬂ@”@&ﬁhoﬁ%@f’ zene ,
2,2-bis(4-(4 ﬂﬁm@x nyl r Qpr. ?) li ke.
These may beoggﬁe1 %r}ngﬁg or I#d?@lgﬁ)l r%gt]?g%éb}bg QP rﬁQféﬂﬁlcPé“éofn 8‘8@@? The

f b d

2 one or i n SAVERTRRRTCR HbteC RuliSiigR® oS B %EPFH;X%EB#e”e 2" ur et hane
| | hevs h

orrLus S connd R R Y eliiebefede] '%"ﬁgéﬂc}%ﬁ@%{mﬁﬁﬂ%fd@e

N,N'-p-phenylenebismaleimide, N,N'-m-toJuilenebismaleimide,

N,N'-4,4-biphenylenebismaleimide,
N,N'<4,4-(3,3"-dimethyl-biphenylene)bismaleimide,
N,N'-4,4-(3,3"-dimethyldiphenylmethane)bismaleimide,

10 N,N'-4,4-(3,3"-diethyldiphenylmethane)bismaleimide,
N,N'-4,4-diphenylmethanebismaleimide,
N,N'—4,4-diphenylpmpanebismaleimide,
N,N'-4,4-diphenyletherbismaleimide,
N,N'-3,3'-diphenylsulfonebismaleimide,

15 2,2-bis(4-(4-maleimidephenoxy )phenyl)propane,
2,2-bis(3-s-butyl-4-8(4-maleimidephenoxy)phenyl)propane,
1,1-bis(4-(4-maleimidephenoxy)phenyl)decane,

4 4'-cyclohexylidene-bis(1-(4-maleimidephenoxy)-2-cyclohexylbenzene
, 2,2-bis(4-(4-maleimidephenoxy)phenyl)hexafluoropropane and the

20 like. These may be used alone or in combinations of two or more.
[0028] The aforementioned compounds may be used as radical
polymerizing compounds alone or in combinations as necessary.
Particularly preferred are urethane acrylate oligomers because they can

inhibit cure shrinkage of the circuit-connecting material and impart



flexibility to the cured product, while it is nore preferred to use urethane
acrylate in conbination with one or nore polynerizable nononers. [0029] As
radical initiators that generate radicals in response to heatgrppg-(fodeL@ht .
there may be used conpounds such as organi c peroxi des, azo-based conpounds
and photoinitiators that generate active radicals by one or nore types of
treatnent invol ving exposure to heat or light. [0030] O ganic peroxides and
azo- based conpounds prinmarily generate active radicals in response to heat.

Wien such corRgikitity ape tvs edrad prddtedi whlle! ftl 1d %&%Spréiﬁﬂeﬂrttdggfsgeorga”i c

per oxi des and/ or azo-based conpounds are appropriatefy selec pendi ng
on the desir ggethaRENAGYIA nCEBRLMANGh WiRRNEAE1 &N hineE kf e. [0031]
From the standpoint of “both high reactivity and sufficient pgl'?%al%libfe, t he
organi ¢ per oxhskeoe&f erably has a 10-hr half-life tenperature of 15 40C or
higher and a 1-mn half-life tenperature of no higher than 180C, and nore
preferably i Tohp5) Ashddival Mtihtdrt t 18ty Rfi I ghgrorand a
l-mn half-I it[?e t'enper at ur gﬁg?tdﬁ%%tﬁg@% ﬁaﬁai%%clp%%%ﬁ%rtgam C oger oxi de

al so ps ef er AightNaferd G bE udeln BIIAGIART SudlE 14 cEpAliENbeRfxifigs, 01 eat er

t han 5000 ppm or prevent corrosion o circtit electrodes
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peroxyikel 1 YOI OREEAXIARRdel bad sparasid B aBnbipriiuity gt 1o o 2o

active radicals in response to heat. When such compounds are used as

10 radical initiators, one or more organic peroxides and/or azo-based
compounds are appropriately selected depending on the desired
connection temperature, connection time and pot life.

[0031] From the standpoint of both high reactivity and sufficient pot
life, the organic peroxide preferably has a 10-hr half-life temperature of

15 40°C or higher and a I-min half-life temperature of no higher than

| 180°C, and more preferably it has a 10-hr half-life temperature of 60°C
or higher and a I-min half-life temperature of no higher than 170°C.
The organic peroxide also preferably has a chlorine ion or organic acid
content of no greater than 5000 ppm in order to prevent corrosion of the

20 circuit electrodes {connection terminals) of the circuit members, and
more preferably it has low organic acid generation afier thermal
decomposition.

[0032] Specifically, as organic peroxides there may be suitably used
diacyl peroxides, dialkyl peroxides, peroxydicarbonates, peroxyesters,.

25 peroxyketals, hydroperoxides, silyl peroxides and the like.

[0033] As diacyl peroxides there may be mentioned isobutyl peroxide,

10



2, 4-di chl orobenzoyl peroxide, 3,5,5-trinethyl hexanoyl peroxide, octanoyl

peroxide, |au
benzoyl per oxy
may be nentio

royl peroxide, stearoyl peroxide, succinic peroxide,

t ol uene and benzoyl peroxide. [0034] As dial kyl ﬁﬁﬁﬁ%hﬂ§$4kpere

ned 5 a,a'-bis(t-butyl peroxy)diisopropyl benzene,

peroxi de, 2,5-dinmethyl-2,5-di(t-butyl peroxy)hexane and t-butyl cunyl
peroxi de. [0035] As peroxydi carbonates there nay be nentioned di-n-propyl

per oxydi car bo
per oxydi car bo
di (2- et hyl hex
di (3-nethyl -3
may be nentio
per oxyneodeca
t - hexyl per oxy
-tetranmethyl b
2, 5-di et hyl -
- et hylset hyl

t - but ylI” per ox
-bis(t-butylp
t-butyl pero
2, 5-di net hyl -
per oxyi soprop
t - hexyl perox

10

nat e, diisopropyl peroxydi carbonate, bis(4-t-butylcyc

| ohexyl)
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anonat e,
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T AL AP BRI HEL mdy P Sherffomed, dsnoropn)

KB AR EbonaBUt Y 11 i3I0 00 peroxydicarbonate,
bis(4-t-butylcyclohexyl)  peroxydicarbonate,  di-2-ethoxymethoxy
peroxydicarbonate, di(2-ethylhexylperoxy) dicarbonate, dimethoxybutyl
peroxydicarbonate and di(3-methyl-3-methoxybutylperoxy)
dicarbonate. |

[0036] As peroxyesters there may be mentioned cumyl

‘peroxyneodecanoate,  1,1,3,3-tetramethylbutyl ~peroxyneodecanoate,

15

20

- 25

1-cyclohexyl-1-methylethyl peroxyneodecanoate,
t-hexylperoxyneodecanoate, t-butyl peroxypivalate,
1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanonate,

2,5-dimethyl-2,5-di(2-ethylhexanoylperoxy)hexane,

1-cyclohexyl-1-methylethyl peroxy-2-ethylhexanonate, t-hexyl
peroxy-2-ethylhexanonate, t-butyl peroxy-2-ethylhexanonate, t-butyl
peroxyisobutyrate, i,1—bis(t—butylperoxy)cyclohexane, t-hexyl

peroxyisopropylmonocarbonate, , t-butyl
peroxy-3,5,5-trimethylhexanonate, t-butyl peroxylaurate,
2,5-dimethyl-2,5-di(m-toluoylperoxy)hexane, t-butyl
peroxyisopropylmonocarbonate, t-butyl

peroxy-2-ethythexylmonocarbonate, t-hexyl peroxybenzoate, t-butyl

11

nat e,



per oxyacetate and di (t-butyl peroxy) hexahydroterephthal ate. [0037] As
peroxyketal s there may be nenti oned

1, 1- bi s(t-hexyl peroxy)-3, 3, 5-trimethyl cycl ohexane,

1, 1- bi s(t - hexyl peroxy) cycl ohexane, 5 FP06-0196-00

1, 1-bi s(t-butyl peroxy)-3,3,5-trinmethyl cycl ohexane, 1, 1 ‘
-(t-butyl peroxy)cycl ododecane and 2, 2-bi s(t-butyl peroxy)decane. [0038] As
hydr oper oxi des there may be ment i oned di i sopropyl benzene hydroperoxi de and

e -
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§§Pi3§%§§§zﬁ oﬁnﬁﬁ‘ﬁgffibbﬁgfﬁaé@%%@@fﬂ 5 i ey B8ne.
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10 peroxide,  bis(t-butyl)dimethylsilyl  peroxide, t-butyltrivinylsilyl

peroxide,  bis(t-butyl)divinylsilyl  peroxide,  tris(t-butyl)vinylsilyl

peroxide, t-butyltriallylsilyl peroxide, bis(t-butyl)diallylsilyl peroxide

and tris(t-butyl)allylsilyl peroxide.

[0040] These organic peroxides and azo-based compounds may be used
15 alone or in combinations of two or more. They may also be used with

triggers, inhibitors and the like. These compounds are preferably

microencapsulated by coating with polymer compounds such as

polyurethanes or polyesters for a longer usable life.

[0041] Examples of photoinitiators that are suitable for use include
20 benzoin ethers such as benzoinethyl ether and isopropylbenzoin ether,

benzyl ketals such as benzyl and hydroxycyclohexylphenylketone,

ketones such as benzophenone and acetophenone and derivatives

thereof, as well as thioxanthones, bisimidazoles and the like.

[0042] When a photoinitiator is used, an optimum photoinitiator is
25 preferably selected in consideration of the wavelength of the light

source used and the desired curing properties. The photoinitiator may,

12



I f necessary, be used with a sensitizing agent such as an am ne, sulfur
conmpound or phosphorus conpound in a desired proportion. [0043] As
sensitizing agents there are preferred aliphatic amnes, aro €F0f§3@®s
cyclic amnes with nitrogen-containing cyclic 5 structures such as

pi peridine, and o-tolylthiourea, sodiumdiethyldithiophosphate, soluble
salts of aromatic sulfuric acids, N, Ndinethyl-p-am nobenzonitrile,

NN- di et hyl - p- ami nobenzonitrile, N N -di ((3- cyanoethyl)-p-an1nobenzonltrlIe,

the 11 ke. 'fgbﬁ*ﬁ&kﬁﬁna‘%. S P ARSItz abbhe Sickty ol MERE. SR g
Z‘Eﬁ@i hy! %3& oEmbaRd of B %&%‘%@@Pﬁ@?@%ﬁ?@&E’E%’ﬁug%e bi pheny! |

i OX 1
34‘; ‘E}.”:s Cai el @%3%*%3% BEzing dacrits “ticf, e NrdiEhRR) AR AOANS, 1°
thoS%aﬁﬁEL" STt aptd ﬁﬂek*?ﬁ@?ﬁﬁ%%%"ﬂ it M%%@@%Zﬁﬁbﬁﬁ Pyelic,

1
gn{ﬁgce’ne egerytlel{\éeuorgpﬁaggge gﬁ%ﬁgﬁﬁ%t h%@ﬁgém%ﬁwand%&lmm 20
oo v TORRORPTHERER LIS F b B . i
”Etﬂ e or ange - By LR AR g Al %@é@eﬁ?&%ﬁ%ﬁwgﬁﬁﬂiﬁfﬂ;@? L"E,e’l
Eéyheﬁﬁfzﬂida@%ﬁﬁﬁt@iﬁé%x YPReoBenditEned phot o ni i ators witn o
conpounds t haiy weffBakForobthyTj-BolibbeRonitrile, tn-n—butylphosphme and
10 the like.

[0044] Altemnatively, there may be used non-pigment sensitizing agents
such as’ propiophenone, acetophenone, xanthone,
4-methylacetophenone, benzophenone, fluorene, triphenylene, biphenyl,
thioxanthone, anthraquinone, 4,4'-bis (dimethylamino) benzophenone,

15 4 4'-bis (diethylamino) benzophenone, phenanthrene, naphthalene,
4-phenylacetophenone, 4¥pheny1benzophenone, 1-iodonaphthalene,
2-iodonaphthalene, acenaphthene, 2-naphthonitrile, 1-naphthonitrile,
chrysene, benzyl, fluoranthene, pyrene, 1,2-benzoanthracene, acridine,
anthracene, perylene, tetracene and 2-methoxynaphthalene, and pigment

20 sensitizing agents such as thionine, methylene blue, lumiflavin,
riboflavin, lumichrome, coumarin, psoralen, &-methoxypsoralen,
6-methylcoumarin, 5-methoxypsoralen, | 5-hydroxypsoralen,
coumarylpyrone, acridine orange, acriflavin, proflavin, fluorescein,
eosin Y, eosin B, erythrosine and rose Bengal.

25 [0045] As radical initiators there may also be mentioned combinations

of the aforementioned photoinitiators with compounds that generate

13



radicals in response to heat, such as organi c peroxi des and azo-based

conpounds. [0046] The adhesive conposition may al so contain an epoxy resin

and a curing agent thereof As epoxy resins there may be used_epox

conpounds having two or nore glycidyl groups in the nol ecul e%P@%rﬂi?g‘OQI one

or in mxtures of two or nore. Specifically, there may be nentioned

bi sphenol -type epoxy resins derived from epichiorhydrin and bisphenol A F,

AD or the |ike, epoxy-novolac resins derived from epichiorhydrin and

phenol - novol ac,,or, ¢resol - novol ac, napht hal at e- based, 10 epoxy resins having a

napht hal ene Fadigals dRI&spORRS %Eﬁ@t SHch @s organici penoxidaseand, ggo-bessd resins,

bi phenyl -type epoxy . ,resins and alicyclic epoxy resins. An epoxy resin

preferably iﬁoﬁpﬁﬂ'gﬂs-purity product with an inpurity ion (Na+, CU, etc.)

content and ha/dr | yzabl e .chlorine content reduced to no greater than 300

ppm in ordet Q%ﬁp adhesive epmposisionmgy lse gonfain poopOKYTEsinedtky resi n

curing agent is preferably a |atent curing_agent in order to obtain a

suf fi ci ent | yal GKgSaLent t%@rewﬁerés nepoXyeresing itheredmaynbeaussdegpoxiydr azi des,

boron trifluoride-an ne chelates, sulfonium salts, am neinjdes, polyam ne

sal ts3and di egmpanads having-was ar mararglyeidybgeaymst ia thegnelesulep eithar ed” by

covering w th pol yurethane-based or polyester-based polynmer substances.

These may bealopedonlionmistures ofnfwe ueranors: i Spesafieallyat there wnay be i ggers,

inhibitors and the |ike. [0048] The circuit-connecting material of the -

i nventi on comentioned hisphenbl-tyne epoxyfresims derived feomiepiehlo | and

conposi tion and an 25 organic conpound containing a _urethane group and an

ester group bispheholafk,er, o1 ﬁiererﬁ)lked epoxyovebace resing tdezivedclropound”) . The

ester 14 FP06-0196-00 '
epichlorhydrin and phenol-novolac or cresol-novolac, naphthalate-based

|

10 epoxy resins having a naphthalene ring-containing skeleton, or
glycidylamine-type epoxy resins, biphenyl-type epoxy resins and
alicyclic epoxy resins. An epoxy resin preferably is a high-purity
product with an impurity ion (N2, CI, etc.) content and hydrolyzable
chlorine content reduced to no greater than 300 ppm, in order to prevent

15 electron migration.

[0047] The epoxy resin curing agent is preferably a latent curing agent
in order to obtain a sufficiently long pot life. There may be mentioned
imidazoles, hydrazides, boron trifluoride-amine chelates, sulfonium
salts, amineimides, polyamine salts and dicyandiamine, and such curing

20 agents microencapsulated by covering with polyurethane-based or
polyester-based polymer substances. These may be used alone or in
mixtures, or in combination with triggers, inhibitors and the like.

[0048] The circuit-connecting material of the invention comprises a
combination of the aforementioned adhesive composition and an

25 organic compound containing a urcthane group and an ester group

(hereinafter also referred to as "ester urethane compound"). The ester

14




ur et hane conpound preferably has the urethane group and ester group in the
mai n chain. [0049] The ester urethane conpound nmay be obtai ned, for exanple,
by reaction of a polyester polyol and a diisocyanate. The ester urethane 5
conpound obtained by the reaction is often referred to as a 'ﬁf&@reﬁ@ﬁo

uret hane resin”. [0050] As diisocyanates there are preferred aromatic,
alicyclic or aliphatic diisocyanates such as 2,4-tol yl ene diisocyanate
(TDI'), 4,4 -di phenyl net hane diisocyanate (MDI), 1, 6-hexaanethylene 10

di i socyanate (HDI) and isophorone diisqcyanate (IPD). [0051] A polyester
pol yol is a PR COBREUR P@gﬁ\%llfh'lm & angrFOpR andrestangroupie hydr oxyl

- groups. A polyester palyol nmaybe obtained, for exanple, by reaction between
a di car boxyl the mainchaiB. a diol . As dicar boxylic acids there are preferred
aromati c and alzligﬁhat ic 15 di carboxylic acids_such as terephthalic acid,

i sopht hal i ¢ HG49] The gster assthane gampenadingay bedbtaised; forexample, by e
preferred glycols such as ethylene glycaol, propylene glycol,
1, 4- but anedi tgactinaxeina godyestercpplznt and @ diisecyanafest nihe: petey yeibrneind
tri etQS\;I ene glycol. [0052] The glass transition tenperature of the ester
ur et hadhe conpolpeundehtaingd dnethivreactor is oftengreferredyo 8l 2 tpolygstehe type of
pol yester polyol or diisocyanate in the ester urethane conpound and its
nol ecul ar wur@hane rastn'gl ass transition tenperature of the ester urethane
conpound may be adjusted to 50C or higher. [0053] The ester urethane
conpound pr e%@iﬂ}l&Si diisodyanates there arel |prefesreaduraromaticmzlisyelic her bondi ng
strength. An anionic ester urethane conpound nmay be obtained 1%
copol yneri zi alipkattti otliisocyinatesnesuaht tasa 2,48oksdese odidsocyanate (TDI),
4,4'-diphenylmethane  diisocyanate (MDI), 1,6-hexaamethylene
10 diisocyanate (HDI) and isophorone diisocyanate (IPDI).
[0051] A polyester polyol is a polymer containing multiple ester groups
and multiple hydroxyl groups. A polyester polyol may be obtained, for
example, by reaction between a dicarboxylic acid and a diol. As
dicarboxylic acids there are preferred aromatic and aliphatic
15 dicarboxylic acids such as terephthalic acid, isophthalic acid, adipic acid
and sebacic acid. As diols there are preferred glycols such as ethylene
glycol, propylene glycol, 1,4-butanediol, hexanediol, neopentyl glycol,
diethylene glycol and triethylene glycol.
[0052] The glass transition temperature of the ester urethane compound
20 is preferably 50°C or higher. By selecting the type of polyester polyol
or diisocyanate in the ester urethane compound and its molecular
weight, the glass transition temperature of the ester urethane compound
may be adjusted to 50°C or higher.
[0053] The ester urethane compound preferably is anionic. This will
25 further improve the bonding strength. An anionic ester urethane

compound may be obtained by copolymerizing a diol or diamine with a

15




sul fonoi c acid group or carboxyl group on a side chain during reaction
bet ween the pol yester polyol and diisocyanate. The ester urethane conpound
preferably contains sulfonoic acid group or carboxyl group. d%&&;ﬁh The
ester urethane conpound preferably has an aromatic group 5 ¢ iﬂ@4g)
benzene ring or the like or a cyclic aliphatic group containing a
cycl ohexane group or the like. [0055] A mxture of two or nore ester
ur et hane conpounds may al so be wused. For exanple, there may be used a

conmbi nati on of conpoynd obtained by reacting, an aronptjc pol yester polyol
Wi th an al | pRAEPROIECAGH ErekY 95 LAORHA ETaUD OB Side GBI CGHEAFAEHER | ng an

aliphatic polyester. polyol wth, an ar fic diisocyanate. [0056] The ester
ur et hane con%@ Ibﬂé?d?‘ﬁlﬁsﬁfh&@l)ﬁﬂmﬂl‘ggﬁmﬁ%@ eBHER T fit of 5000

to 100000. If the I ght.- aver age .nol ecul ar ight is |l ess than 5000 the
fi | mfor mabi CPEP mrﬁfﬁblwoatmm lipROLc 261d BT or GbRRYHEOED. and | f the

wei ght - avera | ecular weight is greater th 00000, solubility and
conpati bil i tf@ﬁlhT o [e§te tyeiRane campm@g@@é@ragghé%gnta@omﬁﬁmﬁpepar ation
of coating solutigns foy film formatjon,, [0057] Theg esfer urethane conpound
preferhbl y h&en@inng paberzsne,sngner i heplikeuns 4 wslisdatiphaice SOWR and/ or

epoxy group. This wll Tl | ow reaction w th the epoxy resin or radical
pol yrer i zabl 60N @EHBEARYG @hqmemwﬂl%%osi tion during curing of the

heat 1 esi ot agME AT AR QLW PLTIOFS SYanBERthARP HOIMBPNRGS T2y ABDbE] The
o S SRRl b oy S assotobbo o ¥ ol "
obtained by reacting an aromatic polyester polyol with an aliphatic
10 diisocyanate, and a compound obtained by reacting an aliphatic
polyester polyol with an aromatic diisocyanate.
[0056] The ester urethane compound preferably has a weight-average
molecular weight of 5000 to 100000. If the weight-average molecular
weight is less than 5000 the film formability when forming a film will
15 tend to be reduced, and if the weight-average molecular weight is
greater than 100000, solubility and compatibility with solvents will be
reduced, tending to hamper preparation of coating solutions for film
formation.
[0057) The ester wurethane compound preferably has a
20  radical-polymerizable unsaturated double bond and/or epoxy group.
This will allow reaction with the epoxy resin or radical polymerizable
compound in the adhesive composition during curing of the
circuit-connecting material, for improvement in the elastic modulus and
heat resistance of the cured circuit-connecting material.

25 [0058] The circuit-connecting material may also confain a

hydroxyl-containing resin in addition to the components explained
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above. As hydroxyi cc;ntal ni ng resins there my be used resins such as
pol yvi nyl butyral, polyvinylformal, polyam des, polyesters, phenol resins,

epoxy resins, phenoxy resins, polyurethanes (excluding the aégéqe_ﬁijgkmed
|

ester urethane conpounds) and the |ike. Phenoxy 5 resins are y
preferred anong these. Using such hydroxyl-containing resins can .further
I nprove the stress relaxation during curing and enhance the adhesive
property due to the hydroxyl group. [0059] The wei ght-average nol ecul ar

wei ght of the, 10 hydrnoxyl-gontai.ning resin is preferahly .10000, or greater
and more pr @PBY S SH@%@?WESWS%@@%EM% SH&’@EUI ar

wei ght of the hydrexyl-containing.resin i reat er than, 1000000,
mscibility pﬁ}){\ﬁnyﬁsg e W&QWQIWE ﬁy St o PREYSSIISc RICDPhe gl ass
transition tenperature of the hydroxyl-contaipin resirt i@garefgﬁably 15
150C or i ghBIL.OBBORY Fsipy AlkaPX¥N e DR arethaass, {exduting, dhe

hydr oxyl -cont @i ning.,. resin preferably has a di cal , pol.ynmerigzi ng functional
group. This qum%tPBﬁt%gfhm@@?-%ﬂP% ga@‘gsthﬁi e-be%@%’qﬁs t he

af orenentioned. radical pol rizing copmpound. The hydroxyl-contajning resin
nay Zgal so FESWRbHdidY ed’agtw‘ﬁgr‘jﬁr lﬂ’)@gﬁf“ﬁfgﬂﬂl%t ﬁ?eﬁﬁng e&é‘%&mﬁpc [ an epoxy
gr oup- cont ai ni el,astoner. [0061] Th I rcui t-conpectin terjal

pref erabl y cgﬁag?WQ'%’ﬁ?aéﬂ"ﬁ Lesl’%ﬁ)k?@%l ulBpEye éﬁﬁg%ga%ﬁﬁm%t ress

rel axati on. acryl.rubber .co unds, t here may be, used po rs,or

copol yners oBHENS %&M%ﬁu& ESIYE PAPp %Queo%ﬁ{éyhﬁg%xyécryl ic

nononer selected from anong acrylic acid, acrylic acid esters, nethacrylic
acid esters &H#P-17 FP06-0196- 00

[0059] The  weight-average  molecular  weight of  the
10 hydroxyl-containing resin is preferably 10000 or greater and more
preferably 10000 to 1000000. If the weight-average molecular weight
of the hydroxyl-containing resin is greater than 1000000, miscibility
with the other components will tend to be reduced. The glass
transition temperature of the hydroxyl—containing resin is preferably
15 -50°C or higher.
[0060] For further enhanced heat resistance, the hydroxyl-containing
resin preferably has a radical polymerizing functional group. This will
allow the hydroxyl-containing resin to be used as the aforementioned
radical polymerizing compound. The hydroxyl-containing resin may
20 also be modified by a cérboxyl group-containing elastomer or an epoxy
group-containing elastomer. |
[0061] The circuit-connecting material preferably contains an acryl
rubber compound for more excellent stress relaxation. As acryl rubber
compounds there may be used polymers or copolymers obtained by
25 polymerization of at least one type of acrylic monomer selected from

among acrylic acid, acrylic acid esters, methacrylic acid esters and
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acrylonitrile. The acryl rubber conpound may al so be one obtained by
copol ynmeri zati on of the aforenentioned nonomer with glycidyl acrylate or
gl ycidyl methacrylate. The wei ght-average nol ecul ar wei ght &*@ight aver age)
of the acryl rubber conpound is preferably 5 200000 or great O6r@H6-A8 !
vi ewpoi nt of increasing the cohesive force of the circuit-connecting }
material. [0062] The circuit-connecting material may al so contain a styrene 1
resin. The styrene resin nmay be the product of polynerization of a styrene |
1
\
\
l

nononer, or it e a.gcopol yner, obt ai ned by copol yneri zation Qf 10 styrene
W th ot | castrplatatte B AT RRen GORBPEN o beonerebtamgAdN de

conpounds. The I ght - aver age ,nol ecul ar wei ght (wei ght ver age), of the
styrene resi?PHf\QBYIHgEl?%tr‘%l 9T 1 o oprosrmgRieR: OB W&exﬂi‘&’ﬂl’ of

i ncreasing the hesivei f.rfe of. the circyl,t-connectin materigl. 15 [0063]
The circuit -¥3H %t?lhggmx‘ﬁé! i methagyylates o ysigni-ayepge $4Re ng agent s,
accel erators, age jnhibitors, coloring agents, flanme re_tard%nté
t hi xot ropi ¢ ¥§ weightpyergeah @dtibe arybaebler eempaynd igeprefera I esi ns,

| socyanat es the like. [0064] A filler iis preferaply included to obtain
i mpr oved coni@&qooﬂr greatereirpgh g viewpoint ﬁﬁmmmlagztge@ph@meffpm%r is

Bount i's” préf GedcH PInCRUE BABTIBk 5 {0 60 parts by vl ume (based on 100
Vol urre, "t e 00BRS hechircurp oA tng MalsFiel mpylso Beniodt rGrens Tend. ot | oss’
than 5 parts_25 by volune the effect of addjtion wll,6 be mnimal. Preferred
as couplingl géﬁfr@%rrésmomayubméhwmﬂdwr@ﬁ polysnenzationapt RoStyegsxy and 18
FPO6- 0196- Oomonomer, or it may be a copolymer obtained by copolymerization of
10 styrene with at least one selected from among maleic anhydlidé and
maleimide compounds. The weight-average molecular weight (weight
average) of the styrene resin is preferably 100000 or greater from the
viewpoint of increasing the cohesive force of the circuit-connecting
material.
15 [0063] The circuit-connecting material may also contain fillers,
softening agents, accelerators, age inhibitors, coloring agents, flame
retardants, thixotropic agents, coupling agents, or phenol resins,
melamine resins, isocyanates and the like.
(0064} A filler is preferably included to obtain improved connection
20 reliability. The maximum size of the filler is preferably less than the
particle size of the conductive particles, and the amount is preferably in
the range of 5 to 60 parts by volume (based on 100 parts by volume of
the adhesive composition). At greater than 60 parts by volume, the
effect of improved reliability may be saturated, and at less than 5 parts
25 . by volume the effect of addition will be minimal. Preferred as

coupling agents are compounds with vinyl, acrylic, amino, epoxy and |
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| socyanate groups fromthe standpoint of inproving adhesion. [0065] The
circuit-connecting material preferably contains conductive particles.

Al t hough the circuit nenbers can be connected by direct contgﬁﬁggﬁhﬁg?ﬂbthe
circuit electrodes w thout conductive particles, 5 inclusion 0 1
particles can provide nore stable connection. [0066] As conductive
particles there may be nentioned netal particles such as Au, Ag, N, Cu or
sol der, or carbon partlcles In order to sufficiently |engthen the pot

e e o BRI Eh BB oS e A L e o T
non- conduct  vIiSle ﬁg%ﬁgbﬁlﬁeoimes r“eﬁ%t%%ﬁfpﬁ%t%r@%'c°qrmﬁ°étﬁacbn UEBVEr ed on
gﬁdﬁg[rsgew?&@q ﬁ??&‘gﬁ%ﬁ”ﬁ r ﬁ{h?gpre Ot@@mtagﬁu@éﬁﬂagndergo 15
?ﬁfe?reg?tlﬁé‘rgééﬁnﬁét %ﬂt Bt cIBEE MFretos watoh: SO BRPF GRRtiSRSnd 1 ur t et
o prefor abl y U0 BE oot R s tan spaueboRbRaP onerlitct ory
a transi sroaemnémnggane% qshnh%%‘i'a%'ar B Tadtiiansdan Oaﬁé’sﬁs' s more

00 ,an he t hi kness of the

f er abl t t I
Pgel gggt%aﬁ a%ﬁ P’ré’ﬁ’sgﬁisrgé‘ 9%1&9 s Oy CRf %ngti’l‘él St e @e g9 'aver

oxi dati on-reductd on mh i on cove My durin

di spersion of 8 "Ettﬁé; %IrYd ?tﬂ‘g qﬁetq@@é@%ﬁ %ﬁ@k@ e%%ap Bhadi nggto
reduce the stor a |I|t of the ¢ nnectin erj I 0068] The
conducti ve pa?'?rl" &t ?@W#@@LM&‘&‘& ‘E@géﬁo‘iﬁ%’rgge . [ ]

FPOG- 013096 00 [0067] Preferably, the conductive particles have nuclei that are partlcles
| formed of a transition metal such as Ni or non-conductive glass,
ceramic, plastic or the like, which are covered on the surface with a
covering layer made of a precious metal such as Au. Conductive
particles having such a precious metal covering layer undergo
15 deformation during heating and pressing of the circuit-connecting
material, thereby increasing the contact area with the circuit electrodes
and further improving reliability. The thickness of the precious metal
covering layer is preferably at least 100 angstroms in order to obtain
satisfactory connection resistance. Also, when the nuclei are particles
20 consisting of a transition metal such as Ni, the thickness of the covering
layer is more preferably at least 300 angstroms. If the thickness of the
covering layer is less than 300 angstroms, free radicals will be generated
by oxidation-reduction when a portion of the covering layer is lost
during dispersion of the conductive particles in the resin, thereby

25 tending to reduce the storage stability of the circuit-connecting material.

[0068] The conductive particle content is preferably 0.1 to 30 parts by
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volume with respect to 100 parts by volune of the adhesive conposition. In
order to prevent shorting of adjacent circuit electrodes due to excessive

conductive particles, the content is nore preferably 0.1 to t
volunme. 5 [0069] Fig. 1 is a cross-sectional view show ng an éﬁ@@%@é‘of a

circuit-connecting material filmaccording to the invention. The
circuit-connecting material film1l is obtained by formng a filmfrom the
circuit-connecti-ng material having multiple conductive particles 5

di spersed in _a,resin mlgosit'on I r3 cogltai nj.ng._an.adhesi ye .10

"t on AunER SufEr RRBeth b Bnwolutie oPf HonadbesivE macer a
??F&Oil mlagnbg fabr i cat e(r:I fo ax:rg})?%mcoat' n thu .Ci r(r:] It-c gne(r:?i ﬁgrgl :
material to &OPRASILORe N Fﬁc{eﬁi‘é% Vet é‘ﬁl&go?# a‘ﬂf‘?erﬂ CII§HH§;?QH‘? SN

itable f i ncl ude PET,fil t h b surf t t f
"ol casabi | i 1 fLE18 GROFIIC PHRLINERA LI5S SRR DIEFETAv, Onlnen heat ed

and pressed il e ndw £hed between a pair of opposing circuit nenbers,
flows as a &ﬁﬁpﬂ%’?@ﬂé&? |l'y connect the circuit electrodes, and is then

cured to exhiRi dhesi.ve strength. The. flo topert f .the

circuit- conngpgé%%lgmf a8 iaaPrqSFTS%‘Ftimi"%'i Yt éﬁlﬁg@g #Po mgﬂiil.m%'ﬁle fically,
when the 20 ciLrcuit-con ectin% ; t%rial fil(gll th&ggkness:. 35 p&gﬁS mm Xx 5
m) is heat é'é‘cé‘ﬁﬁc‘%ﬂ”@g g W chl asgordng 180 sibeoHreniion: o dwi ched
bet ween two gl.ass panel t hi ckn : 0.7 .15 $7mx 15 nm,. the value of
the flow pr o%&wy-équ@?mé)m@t&pﬁﬁ%?(IA)%lmaeby Aﬁmg arfdm dromy he
circuit-connecting material, film1l and %Eg)@jl@ﬁtﬁre area after heating 25 and

pressing, is B¢ SEUEtgNnECHng gnatepa hav eapfyctivespagiclessS 11t he

val ue of (B) ({,éA) ids Jless than 1.3, the flow %ropert_y,wi Il tend to be 20
FPO6- 0196- 00 dispersed in a resm composition layer contaimng an adnesive

10 composition and an ester urethane compound. The circuit-connecting
material film 1 may be fabricated, for example, by coating the
circuit-connecting material to a prescribed thickness on a support film.
Support films suitable for use include PET films that have been surface
treated for releasability.

15 [0070] The circuit-connecting material film 1, when heated and pressed
while sandwiched between a pair of opposing circuit members, flows as
a melt to electrically connect the circuit electrodes, and is then cured to
exhibit adhesive strength. The flow property of the circuit-connecting
material film 1 is therefore important. Specifically, when the

20 circuit-connecting material film 1 (thickness: 35 pm, 5 mm x 5 mm) is
heated and pressed at 150°C, 2 MPa for 10 seconds while sandwiched
between two glass panels (thickness: 0.7 mm, 15 mm x 15 mm), the
value of the flow property index (B)/(A) where (A) is the initial area of
the circuit-connecting materiai film 1 and (B) is the area after heating

25 and pressing, is preferably 1.3 to 3.0 and more preferably 1.5 to 2.5. If
the value of (B) /(A) is less than 1.3, the flow property will tend to be

20




I nsufficient, leading to unsatisfactory connection, and if it is greater
than 3.0, bubbles will tend to be generated, lowering the reliability.

[0071] Although the circuit-connecting material film1l descri? & %ﬁ ve . has
only one layer, the circuit-connecting material of the invent § 6 6-@
instead be a filmformed having a plurality of layers with different
conpositions. Particularly when the circuit-connecting nmaterial contains
conductive particles and the adhesive conposition in the «circuit-connecting

o heat or | HGHLICERS EATaG BobAAVATIORS CRERGHICE, 204 (60 IHEBRESTIRY o
i ot or 1 heOnfaBIes WAl ondh e, SR ed e e S DA ght and 1 he
ot 11 T o1 oavBTLfrAdthorieh the Eifshitconnigtnafustenal Fimrh esonpedanaed for 15
e Som conduDebonh pe 1ayes. e GroudiepRnGsTing hatsRab ot dh pE/eTBOn BByt od

boards, [0073] Fig. 2 is a gross-sectional view show ng an e di rent of a
circuid rrenbé‘ilStE%Fglk@cﬁi g@sﬁ’?@@éuﬁ%‘“&%c@rﬁﬂ?&w d)fjt] er et jdiferente 20
circuit nenber conpection _structure 101 shown in Fig. 2 conprises. a first
circuit nmenb&PMRPSHHANS. o fhartieulgglyy gvhen afe cifcuiteonnecting watgsialode 13
formed on the primary surface theyeof i@@ggdﬁdhesive | ayer 12, and a
second ci r cuicPniRRG cfongpctive rpastigles oavd bibgr adbesive compesitan | rthai ¢
el ectrode 23 forped on fhe prinaiy surface thereof,, which are 25 connect ed
by a circuit CHsHHGOnNaglnRG tpateriel antaias ;3 radical eritigiaathat generalss
af orenent i oned pgfcuit-connect'ng na}e ial, forned between the, 21
FPO6- 0196- 00 radicals in response to heat or light, the circuit-connecting material is
10 preferably a multilayer film separately comprising a layer containing the
radical initiator that generates radicals in response to heat or light and
the layer comprising conductive particles. This can relates in an even
longer pot life.
[0072] The circuit-connecting material film 1 may be used for
15 connection between circuit members including, for example, chip parts
such as semiconductor chips, resistor chips or condenser chips, or
printed boards.
[0073] Fig. 2 is a cross-sectional view showing an embodiment of a
circuit member connection structure according to the invention. The
20 circuit member connection structure 101 shown in Fig. 2 comprises a
first circuit member 10 with a first board 11 and a first circuit electrode
13 formed on the primary surface thereof via an adhesive layer 12, and a
second circuit member 20 with a second board 21 and a second circuit
electrode 23 formed on the primary surface thereof, which are
25 connected by a circuit-connecting member 1a made of a cured product

of the aforementioned circuit-connecting material, formed between the
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first and second circuit menbers 10, 20. In the circuit menber connection
structure 101, the first circuit electrode 13 and the second circuit

el ectrode 23 are opposing and el ectrically connected. [0074] gp
circuit-connecting nenber la is conposed of a cured 5 produc @QQﬁg@ﬁ@esin
conposition containing an adhesive conposition and an ester urethane
conpound, and conductive particles 5 dispersed therein. The first circuit

el ectrode 13 and second circuit electrode 23 are electrically connected via

e ) Sl O S, RS SR YR
02500, 15 Lol RS by s AR TR
resine. T 0RO 28 anf BipoghE ld RS eedat e el having 15
one. sl cot o PPBH) 1B bl <CBAEr RS goBPoEol 15 cropepsed (41 8 BHASH num gr oup
T 35200, MR o b oM S g SRR, e
L 0 T ) o AR e Bt .
o iy “our f BB 1 b dush RHCR slreiroie 17 Gndapotd wictidrBoksiges T
exampl o, ¢ ho AP AEEEPY OTHERrVi2 DS sRRCOEHVY FFUBnect 1 SWRST [ al 111 m
1 and the second fis'sitht R ontc g méibér Ts 2t 20°C 38 preferably 100
10 to 3000 MPa and more preferably 500 to 2000 MPa.
[0075] The first board 11 is a resin film containing at least one type of
resin selected from the group consisting of polyethylene terephthalate,
polyethersulfone, epoxy resins, acrylic resins and polyimide resins.
[0076] The circuit electrode 13 is formed of a material having
15 conductivity sufﬁcient to function as an electrode (preferably at least
one selected from the group consisting of gold, silver, tin,
platinum-group metals and indium-tin oxide). A plurality of circuit
electrodes 13 are bonded to the primary surface of the first board 11 via
the adhesive layer 12. The adhesive layer 12 is formed of an adhesive
20 or the like that is ordinarily used for circuit members.
[0077] The second board 21 is a glass panel, and a plurality of second
circuit electrodes 23 are formed on the primary surface of the second
board 21.
[0078] The circuit member connection structure 101 may be obtained
25 by a method wherein, for example, the first circuit member 10, the

circuit-connecting material film 1 and the second circuit member 20 are
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heated and pressed as a |lam nate prepared by |lam nating themin that order
with the first circuit electrode 13 and second circuit electrode 23 --
opposi ng each other, to connect the first circuit nenber 10 gﬁ@ H?ﬁa%ﬁacond
circuit menber 20 in such a manner that the first circuit 5 6t 3 and
second circuit electrode 23 are electrically connected. [0079] In this

nmet hod, first the circuit-connecting material film1l fornmed on a support
filmis heated and pressed while attached onto the second circuit nenber 20

(s el chtnt Sadpiesed £ a' RRRERRCHERdred B Trofsing om HtBeCi Ther con
> bl LTS R ] SR RSl R 0
et e, et BT AR TR R e
¥ osss sect | ofEsPng; PR oReRban 20 nito dHiBrt BRMIeH BBl e st Gt per |
e S <
directly for ¢ HES pine Lt circugtreonnecting gragl  ilmn I he £ st
Ci f oul t - conniBEiegon hestBEPrt B & Brated ang andovinle ntacheh ol Bered of a
Rorylic. oo Srcond GBI marmbc ann T P adiesian OF fhen SReFeomieciiogber o
COMECL o0 Syl 100 33 B0 L1 L SOH Brf Ul o

10 member 10 is placed thereon while positioning the circuit electrodes to

prepare a laminate.

[0080] The heating and pressing conditions for the laminate may be

appropriately adjusted depending on the curing property of the adhesive

composition in the circuit-connecting material, to obtain sufficient
15 adhesive strength upbn curing of the circuit-connecting material.

[0081] Fig. 3 is a cross-sectional view showing an embodiment of

another circuit member connection structure according to the invention.

The circuit member connection structure 102 shown in Fig. 3 is the

same as the circuit member connection structure 101, except that the
20 first circuit electrode 13 is directly formed on the primary surface of the

first board 11 in the first circuit member-10.

[0082] When using a construction wherein the circuit-connecting

member la is directly bonded with a board formed of a material such as

polyethylene terephthalate, polyethersulfone, epoxy resin, acrylic resin,
25 polyimide resin or glass, as in the circuit member connection structure

102, it has been difficult to obtain sufficient bonding strength with
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conventional circuit-connecting materials. In the circuit nenber connection
structure 102, however, the circuit-connecting nenber la is a cured product

of a circuit-connecting material according to the invention, Eﬁgéhgﬁﬁ@ore
sufficient bonding strength can be maintained 5 even in high- F and

hi gh-hum dity environnents. This effect 1is also obtained when a | ayer
conprising a polyimde resin, acrylic resin, silicone resin or the like is
formed between the circuit-connecting menber and the circuit nenber. [0083]
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di ssol ved in _the,wa mhlle olyester urethane resin precipitated as
an ester uretmﬁwp M%@rcu - 0196- 00

[0083] EXAMPLES

10 The present invention will now be explained in greater detail
using examples and comparative examples. However, it is to be
understood that the invention is in no way limited to these examples.
[0084] Polyester urethane resin preparation method

A solution of a polyestef polyol, obtained by reacting a

15 dicarboxylic acid and a diol, in methyl ethyl ketone was loaded into a
heater-furnished stainless steel autoclave equipped with a stirrer,
‘thermometer, condenser, vacuum generator and nifrogen gas
introduction tube. Next, a prescribed amount of isocyanate was added,
and dibutyltin. laurate as a catalyst was added at 0.02 part by weight to

20 100 parts by weight of the polyester polyol for reaction at 75°C for 10
hours, followed by cooling to 40°C. Piperazine was further added and
reaction was carried out for 30 minutes for chain lengthening, followed
by neutralization with triethylamine.

[0085] After the reaction, the solution was dropped into purified water,

25 upon which the solvent and catalyst dissolved in the water while the

polyester urethane resin precipitated as an ester urethane compound.
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The precipitated polyester urethane resin was dried with a vacuumdrier to
obtain a polyester urethane resin. [0086] Exanple 1 Synthesis of polyester
urethane resin A5 A polyester urethane resin A was obtained_by the sane
procedure as above, using terephthalic acid as the dicarboxyfféﬁdQﬂﬂ¥00
propyl ene glycol as the diol and 4,4'-di phenyl methane dii socyanate as the

| socyanate, in anmounts for a terephthalic acid/ propyl ene

gl ycol / 4, 4' - di phenyl met hane dii socyanate nolar ratio of 1.0/1.3/0.25. 10 The

wei ght - aver age nol ecul ar, i ght of .the pal yester, urethane resin A was
moasur od by Hat DRSTAEN BeTYANKS HEBGRS SRy Gas ariod 0B 2 G0BTR dridlet hy! et hyl
ket one sol utjo repared by dissol ving pol yester urethane resin A in nethyl
et hyl ketonetot‘g’t%@%@&%@}/ %QF‘{?ﬁFg a single surface-treated PET film
(thi ckness: r@ﬁggg)g usi 1a coating 15 apparatus, and was hot-air dried at

70C for 10 XBEIm a film with a thickness of 35 m The film was
subjected to, t er at ur e- dependent neasurenent of the elastic nodul us using
ShymsBeds of pali A .

a general - Qryestayiug @E¢3 ¥y neasuring devi ce under |
Cors K LD oS, S e Sl B " 20 11
{he. t emper atPeedie i 50V e UHNE, (FISPASGRIG G6ich 26 B IHBORY e S di st ant
S S e A oS e 207
change seclion of he olass tansif) op,regi o (Fidfei nt gass  Lransition
glycol/4,4'-diphenylmethane diisocyanate molar ratio of 1.0/1.3/0.25.
10 The weight-average molecular weight of the polyester urethane resin A
was measured by gel permeation chromatography to be 27000.
[0087] A methyl ethyl ketone solution prepared by dissolving polyester
urethane resin A in methyl ethyl ketone to 20 wi% was coated onto a
single surface-treated PET film (thickness: 80 pm) using a coating
15 apparatus, and was hot-air dried at 70°C for 10 minutes to form a film
with a thickness of 35 pm. The film was subjected to
temperature-dependent measurement of the elastic modulus using a
general-purpose dynamic .viscoelasticity measuring device under
conditions with a pull weight of 5 gf and a frequency of 10 Hz. From
20 the obtained elastic modulus-temperature curve, the glass transition
temperature of the polyester urethane resin A was determined to be
105°C, as the temperature at the point of intersection between the line
equidistant in the vertical axis direction from lines extended from the
baselines before and after the glass transition region and the curve at the

25 step change section of the glass transition region (midpoint glass

transition temperature).
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[0088] Gircuit-connecting material There were stirred and m xed together 400
parts by wei ght of polycaprolactone diol with a weight-average nol ecul ar
wei ght of 800, 131 parts by wei ght of 2-hydroxypropyl acryl aFPOé%%@B{)t by
wei ght of 5 dibutyltin dilaurate as a catalyst and 1.0 part by weight 0O

hydr oqui none nononet hyl ether as a pol ynerization inhibitor, while heating
at 50C. Next, 222 parts by wei ght of isophorone diisocyanate was added
dropwi se and stirring was continued while heating to 80C to pronote

ur et hanati on g! iGiPcuiH@Gﬁhéc@iﬁhgithieﬂlila” i socyanate group reaction 10 rate
of at |east % the tenperature was lowered to obtain a urethane acrylate-
as a radical pol ymgHezd oA [;ﬁ% | pardg cles with
pol ystyrene nucl erq?ik?géfg%v{gre forgnn% a ﬁitgggwgty(g}rjﬁﬁ@aa{e ckélfess of 0.2

pm and a gol thdigsgiromckdherdicl RiHK SR t—&e?@eoﬁldléb\#lﬁigfe%@e?fog prepar e

conductive p I"es w a 15 nean rtic size o0 Upon
f
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prepar ati on I"sSpersi on, yester urethane resl A Wwas in the
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10 - rate of at least 99%, the temperature was lowered to obtain a urethane

acrylate as a radical polymerizing compound.
[0089] On the surfaces of particles with polystyrene nuclei there were
formed a nickel layer with a thickness of 0.2 um and a gold layer with a
thickness of 0.04 pm in that erder to prepare conductive particles with a
15 mean particle size of 10 pm.
[0090] Upon mixing 50 g of polyester urethane resin A, 49 g of
urethane acrylate resin, 1 g of a phosphoric acid ester acrylate and 5 g of
the radical initiator t-hexylperoxy 2-ethylhexanonate, based on solid
weight, the conductive particles were added in an amount of 3 vol% of
20 the total and homogeneously dispersed therein to obtain a dispersion for
coating. For preparation of the dispersion, the polyester urethane resin
A was in the form of a solution dissolved in methyl ethyl ketone at a
concentration of 20 wt%, and tﬁe t-hexylperoxy 2-ethyl hexanonate was
in the form of a 50 wt% DOP solution (trade name, "PERCURE HO" by
25 NOF Corp.), which were mixed with the other components. The -

obtained dispersion was coated onto a single surface-treated PET film
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(thickness: 80 pn) using a coating apparatus, and was hot-air dried at 70C
for 10 mnutes to obtain a circuit-connecting material filmwith a

t hi ckness of 20 pm [0091] Exanple 2 5 A polyester urethane resj S
synt hesi zed by the procedure described above, using isophthéﬁik£955é¥60
terephthalic acid and adipic acid as dicarboxylic acids, ethylene glycol,
neopentyl glycol and 1, 6-hexanediol as diols and 4, 4'-di phenyl net hane
diisocyanate as a diisocyanate, in amounts for an i sophthalic

i df t ht hal | i glt adi 10 d/t | | /
al ycol | 1.6 nopiskeRS) 50 TP bipon haind aRtabis, JeicRas SOFBIAed et o of

0.21/0. 21/0. : 0 The V\e ht ayer age ar,, wei ght of

t he pol yeste%‘éﬂeﬁl’ alﬁem ?%&B h%én 80 %‘@gfg Eﬂ?ﬁf‘%ﬁﬂ tha  °

chr omat ogr ap to be 2000 The glass transition 15 tenperature of the

pol yester ur roé was neasured in the same nenner as Exanple 1 to
be -3C [OOQQ@JCErcw onnecting material filmwas fabricated in the sane
manner as Ex t that pol yester uret hane resin B was used
rethane resin

i nste of pol yest 09 EX le 3 A
ci rcuiasg-connectl ng‘grﬂﬂﬁ?ﬁﬁqu\"? %ﬁwam&ow aﬁ‘)@‘ﬁ]qshz%@%m‘iﬁﬁlﬁﬁ%r as

Exanpl e 2, excep of Ah of poly re .reS| n B was
repl aced wt e@rih@én Vers %(ﬂ"ﬁ’&ggahgr?@ld tilﬂ@ 39#3 Iﬂlee Cor p. ,

wei ght - aver age, rml equl j ght ; 25.10Q94] Co Exampl e 1 A
circuit- conng ‘?W?lcf |aICFFlS¢va Viﬁﬂe "éga .nf:qmggg 06- 0196- 00

1,6—hexanediol as diols and 4,4-diphenylmethane dnsocyanate as a
diisocyanate, in amounts for an isophthalic acid/terephthalic acid/adipic
10 acid/ethylene glycol/neopentyl
glycol/1,6-hexanediol/4,4'-diphenylmethane diisocyanate meolar ratio of
0.21/0.21/0.58/0.19/0.55/0.46/0.3.  The weight-average molecular
wéight of the polyester urethane resin B was measured by gel
permeation chromatography to be 60000. The glass transition
15 temperature of the polyester urethane resin B was measured in the same
manner as Example 1 to be -3°C, |
[0092] A circuit-connecting material film was fabricated in the same
manner as Example 1, except that polyester urethane resin B was used
instead of polyester urethane resin A.
20 [0093] Example 3
A circuit-connecting material film was fabricated in the same
manner as Example 2, except that 20 g of the 50 g of polyester urethane
resin B was replaced with a phenoxy resin (trade name: "PKHC" by
Union Carbide Corp., weight-average molecular weight: 45000).
25 [0094] Comparative Example 1

A circuit-connecting material film was fabricated in the same
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manner as Exanple 1, except that instead of polyester urethane resin A there
was used the pol yester polyol used for synthesis of polyester urethane

resin A (glass transition tenperature: 85C). [0095] @maraﬁﬁmﬁ 25
THHele-da

A circuit-connecting material filmwas fabricated in the sa

Exampl e 2, except that instead of polyester urethane resin B there was used
t he pol yester polyol used for synthesis of polyester wurethane resin B
(glass transition tenperature: -5C). [0096] Conparative Exanple 3 10 A

Beanpl e 5. oxbaiet ARenle. L iiebp Thay derishd of bonlbnect e AL Uoc used
(o1 ags 1 r ansithP Wi MSEE At Dol BoBisd st S e S L et
Banpl e 1. oxpat R Bt | ARpbAREC L Toan A There vas used
DG Bayer Papgaet Conspareiyp B8 PO, hperature: <300 20 [0098]

o opar 0 havi ng 506, EHFIREOCRECURE Sogte0al S P GOBCRISE By ReBen. 0.4 pm
1737 by COMNIE A RCable & Sigept il Taend Of Doy e ane B Hor | cat edl
by hoat | ng athen S| i polycsests bR oo Ry RRts Rt BbERBo0. oo -

urethane resin B (glass transition temperature: -5°C).

[0096] Comparative Example 3

10 A circuit-connecting material film was fabricated in the same
manner as Example 3, except that instead of polyester urethane resin B
there was used the polyester polyol used for synthesis of polyester
urethane resin B (glass transition temperature: -5°C).
{0097] Comparative Example 4

15 | A circuit-connecting material film was fabricated in the same
manner as Example 1, except that instead of polyester urethane resin A
there was used a polyurethane resin without ester groups (trade name:
"PANDEX T-8175" by DIC. Bayer Polymer Ltd.) (glass transition
temperature: -30°C).

20 [0098] Fabrication of circuit member conmection structure

A circuit member Was prepared having 500 chrome circuits (50

um line width, 100 pm pitch, 0.4 pm thickness) as circuit electrodes
formed on a glass panel (trade name "#1737" by Corning, Inc.). The
circuit-connecting material film fabricated in Example 1 was attached to

25 the circuit member and pre-adhered thereto by heating and pressing at

70°C, 0.5 MPa for 5 seconds.
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[ 0099] Next, the PET filmwas released, and a flexible circuit nmenber with a
trilayer structure (FPClI) prepared by bonding 500 copper circuits (50 pm

line width, 100 pmpitch, 18 pmthickness) on a polyimde fi lEP étd% Same:
UPI LEX by Ube Industries, Ltd., 75 mthickness) via an 5 adhe Q8- 5 was
pl aced on the circuit-connecting material filmand the structure was heated
and pressed at 160C, 3 MPa for 10 seconds. This connected the circuit
menber with the glass panel and the FPCL over a 2 mmw de area. [0100] In

(e s T ihooT XS tCPE SN i RRABEA R BRSO RIS 2

e 50 2 b A0 PPPAS oy By MR SEOBSBRBE LY.

nstead o Pl i 10gTARSI LB ShARRGRI N pORARRACERRLY o 1

o reut e a0 USSPl tS TS Bt sy " 1
Compar 5t v CAIRNS Iaybi s AA0F by RS K00 ARLARBREl 10 4505 51T

b eated e oGk SOABESHUOHALR PEOYT. S NP T GlobL " @

n o Cermer ot et e el SRR BRI 1 °

resi stance v , var (x+36) of 150 resistance val ue points. 29
resistance val e Ain AWREI9ER

[0100] In the same manner, except for using a flexible circuit board

10 with a bilayer structure (FPC2) prepared by directly forming 500 copper
circuits with a 50 pm line width, 100 um pitch and 8 pm thickness on 2
polyimide film (trade name: UPILEX 25S by Ube Industries, Ltd., 25
um thickness) instead of FPCI1, the circuit member with a glass panel

“was connected with FPC2 over a 2 mm-wide area. |

15 [0101] FPC1 and FPC2 were each connected to circuit members having
glass panels in the same manner as above, using the circuit-connecting
material films fabricated in Examples 2 to 3 and Comparative Examples
1to 4.

[0102] Connection resistance

20 The resistance values (connection resistance) between opposing
circuit electrodes of the fabricated circuit member connection structures
were measured using a multimeter. The measurement was conducted
initially and after high-temperature and high-humidity treatment by

| holding - for 500 hours in a high-temperature, high-humidity bath at

25 85°C, 85% RH. Table 1 shows the resistance values, as averages

{(x+30) of 150 resistance value points.
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[0103) Bonding strength The bonding strength of each fabricated circuit
menber connection structure upon peeling at 90 was neasured at a peel speed
of 50 m m n. The measurenent was conducted initially and aftEiJ g

hi gh-tenperature and high-hum dity treatnent in the sane mann 08:0190500
[0104] Table 1 FPCI/ gl ass panel connection sanple FPC2/ gl ass panel
‘connection sanple Connection Bonding strength (N cm Connection rending
strength (NNcm) resistance Rresistance (a) Initial After initial After

Initial Af;e;lonﬂgj]ﬁdrﬁ%égﬁé? [ gh_—te_rrp. hi gh-tenp. dity high-tenp. gh-tenp.

hi gh-hum di ty"hr'g di high-humdity treatnment treatnent
14205 8,0 601 At Py stegil b bach ” ltylegted - rcnh | menber 15 ¢ °
450 Conp. ‘epmegtigt fﬁy%ﬂa%f%azpf%ﬁg o %3S meastiell M paeksteedio 5 5 6. s
s B PR
virt ua? Jﬁgﬁggﬁ‘k%}ﬂ? %%‘ir'.’ééﬁlb‘ﬁﬂa&’ %ﬂ@ggamt@f? Wm@’r’ﬁgr% ure and

above.
[0104]
Table 1
FPC1/glass panel connection sample FPC2/glass panel connection sample
Connection Bonding strength (N/em) [Connection onding strength (N/om)
resistance ((3) resistance (Q)
Initial |After Initial |After Initial |After Initial JAfler -
Ligh-temp. high-temp. high-temp. Egh-tmp.
high-humidity high-humidity high-humidity high-humidity
treatment treattent treatment treatment
Example [ | 1.0 14 113 8.7 1.0 14 10.5 7.9
Example2 | 1.4 23 2.9 8.8 14 23 9.1 7.5
Exsmple3 | 1.1 13 9.7 1.6 1.1 1.3 10 6.5
Comp. Ex. 1| 0.9 1.3 43 <2 0.9 1.3 3 <2
Comp. Ex.2| L& 28 6.6 4.5 1.6 2.8 4.5 <2
Comp. Ex. 3] L1 14 42 3.1 1.1 1.4 34 <2
Comp.Ex.4| 3.7 >10 85 8.5 3.7 >10 52 <2
10 [0105] The circuit member connection structures connected using the

circuit-connecting materials of Examples 1 to 3 had sufficiently low
initial connection resistance and exhibited high durability with virtually
no increase In connection resistance after high-temperature and
high-humidity treatment. The durability was particularly superior with
15 Example 1 which employed a polyester urethane resin with a glass
transition temperature of 50°C or greater. With Example 2 which
employed a polyester urethane resin with a glass transition temperature
of below 50°C, the connection after high-temperature and
high-humidity treatment was somewhat loosened and the increase in

20 connection resistance was greater than with Example 1, but it was still
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hi gh-hum dity treatment. The durability was particularly superior with 15
Exanpl e 1 which enpl oyed a pol yester urethane resin with a glass transktion

tenperature of 50C or greater. Wth Exanple 2 which enploye r
urethane resin with a glass transition tenperature of bel owdgggigﬂlégséﬁ

connection after high-tenperature and high-humdity treatnent was sonewhat
| oosened and the increase in 20 connection resistance was greater than with
Exanple 1, but it vvas still 30 FP06-0196-00 within a practically

Fesin and o SERRY erKe racpel bty AR L TR o) 8 oPiesoc or
Bt ah- b i £ STHEOGREEY mﬁ‘%&Eﬁ% HPEREE r?%ﬁnzﬁﬁdu?féfﬁéoggﬁ%ﬁﬂe%ﬁf " Exampl ¢
For both Freerana tabesfony ik %"’fbfé o S o SR g e’ oo
oreater i s goRpERIGTChsis glé"r aafist baighFmBPEhRY, chid Bk Biptdied 0"
i gners por yesieat B PRSP AR dnd YR e BRI E Cel Tent Eé‘ﬁd?ng
L0107 1n' con FAETEXEmME: 1o, EaubiEiHee Bliife Waelh dL A NEh o 15%na
"I ) PRSP, G AT B P
2 o Y S AR RN s e R SRR
structure ushpa,F rcérea{etr i Egn&aﬁ? 'bh§Rikdd'td 6888 ient for practical use.

10 Comparison of Example 2 and Example 3 shows that Example 2 which

p.JU

* had a higher polyester urethane resin content exhibited more excellent
bonding strength than Example 3 after high-temperature and
high-humidity treatment.

[0107] In contrast, Comparative Example 4 which had no ester bond
15 and employed a polyurethane resin with a low glass transition
temperature of -30°C exhibited a large increase in connection resistance
after high-temperature and high-humidity treatment. Also, although
Comparative Example 4 exhibited relatively good bonding strength with
the connection structure using FPCl, it had significantly reduced
20 bonding strength after high-temperature and high-humidity treatment
ﬁith the connection structure using FPC2. Comparative Examples 1 to
3 all had bonding strengths of about 6 N/cm or less, and therefore failed
to exhibit practically sufficient properties at least in terms of bonding

strength.
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the connection structure using FPC2. Conparative Exanples 1 to 3 all had

bondi ng strengths of about 6 NNcmor |ess, and therefore fai In@kg0 :03 ﬁmbit
practically sufficient properties at least in terns of bondi @' 3" . 31

FP06- 0196-00 CLAIM5S 1. A circuit-connecting material for connection between
circuit nmenbers each having a board and a circuit electrode fornmed on the
primary surface of said board, the material conprising: 5 an adhesive

conposition that cures in response M or heat; and an organic
conpound cont ai ni ng a urethane grou ester group. 2. A

Composi 11 on dont ai Ao CherikopBFEME ekl et Sostitn HRATAR, Btbly o ¢
cirour 1 - connBAPRRE S Pafcd dRard griCARRN SRcRRh Bmelldh ud o
Doryiat e or R epRae Py Raodhgd e AR RO PRSI 5 O Tt eral
emperntor e of - Sai B AP gaie OBwosish e SREChrasPOnft fE fehtar Redt "

Ci rcuit-conn%ﬁhi ng material according to any one of clains 1

an organic compound containing a urethane group and an ester
group.
2. A circuit-connecting material according to claim 1,

10 wherein said adhesive composition contains a radical
polymerizing compound and a radical initiator that generates radicals in
response to heat or light.

3. A circuit-connecting material according to claim 2,
wherein said radical polymerizing compound contains a

15 phosphoric acid ester compound with an acrylaie group or methacrylafe
group.

4, A circuit-connecting material according to any one of claims 1
to 3,

wherein the glass transition temperature of said organic

20 compound is 50°C or higher.
5. A circuit-connecting material according to any one of claims 1
to 4,

wherein said organic compound contains either or both of an
aromatic group and a cyclic aliphatic group.
25 6. A circuit-connecting material according to any one of claims 1

to 5,
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to 4, wherein said organic conmpound contains either or both of an aromatic
group and a cyclic aliphatic group. 25 6. A circuit-connecting materi al
according to any one of clains 1 to 5, 32 FP06-0196-00 whergj g

wei ght - aver age nol ecul ar wei ght of said organic conpound is 5@5@6{0 3ﬁOQQ)OO.
7. Acircuit-connecting material according to any one of clains 1 to 6, 5
whi ch conprises conductive particles. 8. A circuit nmenber connection
structure conprising: a first circuit nenber with a first board and a first

Cecond ci rcuit menBee o elRRRE plkaRar gt of sl Mhedff' ci oot ode

fornmed on th [ aid second board, said first and second
circuit nenbgpgﬁgggﬁﬁgﬁgggﬁégOgeogf circuit-connecting nenber made of the

cured producty of ax gQi UL 1 - I.ng.: | CQIdj an ne of
clains | to 7; foﬁn@kdé l‘ﬁﬁ# m%g@a@}%%@é%ggn@)ﬁbﬁ%gﬁqgﬁ mbers, in
such a mannertogS that said first circuit electrode and said second circuit
el ectrode are” “dbpposi ng each other and electrically connected. 9. Acircuit

ST SRR R 0T L e 3,
rater a1 cong e e gR oA CA S, SO 19 ©

a first circuit member with a first board and a first circuit

-

electrode formed on the primary surface of said first board; and
a second circuit member with a second board and a second
10 circuit electrode formed on the primary surface of said second board,
said first and second circuit members are connected by a
circuit-connecting member made of the cured. product of a
circuit-connecting material according to any one of claims 1 to 7,
formed between said first and second circuit members, in such a manner
15 - that said first circuit electrode and said second circuit electrode are
opposing each other and electrically connected.
9, A circuit member connection structure according to claim 8§,
wherein the surface of at least one of said first and second circuit
electrodes is composed of a material containing at least one selected
20 from the group consisting of gold, silver, tin, platinum-group metals and
indium tin oxide.
10. A circuit member connection structure according to claim 8 or 9,
wherein at least one of said first and second boards is a board
made of a material comprising one or more selected from the group
25 consisting of polyethylene terephthalate, polyethersulfone, epoxy résins,

acrylic resins, polyimide resins and glass.
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10. A circuit menber connection structure according to claim8 or 9,
wherein at | east one of said first and second boards is a board nade of a

~material conprising one or nore selected fromthe group 25 C%E@i )S/[HQEJ @f
pol yet hyl ene terephthal ate, pol yethersul fone, epoxy resins, ﬁ‘ 'p si ns,

pol yi m de resins and gl ass. 33 FP06-0196-00 11. A circuit nenber. connection
structure according to claim8 or 9, wherein a |ayer conprising one Or nore
selected fromthe group consisting of silicone resins, acrylic resins and

i roult menbgee & sirE R Be fiRoRn sfbhne Aediipl iy B olT, PO O,
connect ] on et 10 EEEPY ek bS8yt o GRS el el 00 3
o Laver Sl P GRTNEBht e T il 8O aBRAL Sl 7S,
second o CumBISRISRUE ORIR DR or S RETNY sSURESRR) dhleRecore
LR, g1 der LBl emrect 00 a0 sard second ol rouit
said second 31 cuUt SRINCEdodoe R RG] WRkeh, £ A Sl Cl Lo 1o
A LU TRBSheEARS! 5 SRR LR ST oD B Homa BB,
composed o b bldle  SPLANT ROl B30 AR SRR, 7

oxi de. material according to any one of claims 1 to 7, and a second circuit

O

10 member with a second board and a second circuit electrode formed on
the primary surface of said second board, are heated and pressed as a
laminate prepared by laminating them in that order with said first circuit
electrode and said second circuit electrode opposing each other, to
connect said first circuit member and said second circuit member in

15 such a manner that said first circuit electrode and said second circuit
electrode are electrically connected.

13. A circuit member connection method according to claim 12,
wherein the surface of at least one of said first and second circuit
electrodes is composed of a material containing at least one selected

20 from the group consisting of gold, silver, tin, platinum-group metals and
indium tin oxide.

14. A circuit member connection method according to claim 12 or
13, |
wherein at least one of said first and second boards'is a board
25 formed of a material comprising one or more selected from the group

consisting of polyethylene terephthalate, polyethersulfone, epoxy resins,
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14. A circuit nenber connection nethod according to claim12 or 13, wherein
at | east one of said first and second boards is a board 25 formed of a

mat erial conprising one or nore selected fromthe group qﬁgi;ﬁgg dﬂl

pol yet hyl ene terephthal ate, pol yet hersul fone, epoxy resins, 6= 96- 00
acrylic resins, polyimde resins and glass. 15. A circuit nenber connection

met hod according to claim12 or 13, wherein a layer conprising one or nore

selected fromthe group 5 consisting of silicone resins, acrylic resins and

pol yi m de resi s i S. et\/\een | east one of said first and second
circuit menBEkY 1c ’%?ﬁHlStH%ly 8% said circuit-connecting material.

39 15. A circuit member connection method according to claim 12 or
13,

wherein a layer comprising one or more selected from the group

5 consisting of silicone resins, acrylic resins and polyimide resins is

formed between at least one of said first and second circuit members

and the layer composed of said circuit-connecting material.
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